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8OWLPDWH OLPLW ORDG LQ ZHOGHG MRLQWV DQG LQ QHW VHFWLRQV RI KLJK
VWUHQJWK VWHHOV ZLWK \LHOG VWUHVV  03D
,ONND 9DONRQHQDਗ਼
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,Q WKLV SDSHU WKH DSSURDFK E\ )RQ]R HW DO LV XVHG DQGPDWHULDO SDUDPHWHUV REWDLQHG IURP QRWFKHG VSHFLPHQ WHVWV DUH
XVHG LQ WKH DQDO\VHV WR XQGHUVWDQG WKH GHYLDWLRQV GXH WR WKH QHW VHFWLRQ WHVW VSHFLPHQV EHLQJ IURP GLIIHUHQW SURGXFWLRQ
EDWFKHV WKDQ QRWFKHG VSHFLPHQV
1RPHQFODWXUH
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7KH PDWHULDO XVHG LQ WKH WHVWV ZDV 5XXNNL 2SWLP  4& GLUHFW TXHQFKHG VWHHOV ZLWK SURSHUWLHV DFFRUGLQJ WR WDEOH
 8QIRUWXQDWHO\ GXH WR WKH WLPH ODSVH EHWZHHQ WKH QRWFKHG VSHFLPHQ WHVWV DQG QHW VHFWLRQ WHVWV WKH PDWHULDOV DUH IURP
7DEOH  2SWLP  4& SURSHUWLHV
<LHOG VWUHQJWK >03D@ 8OWLPDWH VWUHQJWK >03D@ (ORQJDWLRQ $ >@
1RPLQDO YDOXHV ପ ପ ପ
1RWFKHG VSHFLPHQV   
GLIIHUHQW SURGXFWLRQ EDWFKHV KRZHYHU LQ SUDFWLFH WKH TXDOLW\ GLIIHUHQFH EHWZHHQ SURGXFWLRQ EDWFKHV LV VPDOO
 1RWFKHG VSHFLPHQV
2QH SKHQRPHQRQ RI KLJKVWUHQJWK VWHHOV LV WKDW WKH +$= VRIWHQV ZKLFK KDV EHHQ GLVFXVVHG E\ %M¶UN HW DO 
9DONRQHQ DQG .XRSSDOD  9DONRQHQ DE 7KLV VRIWHQLQJ GHSHQGV RQ WKH ZHOGLQJ HQHUJ\ XVHG9DONRQHQ
DE DQG DIIHFWV WKH VWUHQJWK RI WKH ZHOGHG MRLQW ,Q VWUXFWXUHV WKH VRIWHQLQJ HIIHFW LV XQFOHDU EHFDXVH RI WKH WULD[LDO
HIIHFW ZKLFK SUHYHQWV QHFNLQJ DQG LQFUHDVHV WKH \LHOG VWUHVV &KHQ DQG +DQ  ZKLFK FDQ OHDG WR WKH VWUHQJWK RI
WKH FRPSRQHQW EHLQJ ORFDWHG LQ WKH EDVH PDWHULDO OHYHO GHVSLWH WKH +$= VRIWHQLQJ DV VKRZQ E\ %M¶UN HW DO 
7R GHWHUPLQH WKH SURSHUWLHV RI WKH +$= DQG DOVR WR FRQWURO WKH IDLOXUH ORFDWLRQ LQ EDVH PDWHULDO VSHFLPHQV QRWFKHG
VSHFLPHQV ZHUH XVHG ,Q WKH +$= WKH VSHFLPHQ WKLFNQHVV ZDV  PP DQG WKH WKLFNQHVVHV RI WKH EDVH PDWHULDOV ZHUH
 PP  PP RU  PP DV VKRZQ LQ )LJ  ZKLFK FUHDWHG GLIIHUHQW WULD[LDO UDWLRV 
ԉ 
ᅷֈ
ᅷր֌֑

7KH VSHFLPHQ VKDSH XVHG LV VLPLODU WR WKDW XVHG LQ )RQ]R HW DO  7KH WHQVLOH WHVWV ZHUH SHUIRUPHG XVLQJ D GLJLWDO
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)LJ  1RWFKHG VSHFLPHQ GLPHQVLRQV )LJ  3RLQWV XVHG WR HYDOXDWH VSHFLPHQ HORQJDWLRQ
LPDJH FRUUHODWLRQ 9DONRQHQ D 7KLV SDSHU LQFOXGHV D FRPSUHKHQVLYH GHVFULSWLRQ RI WKH WHVWV WR GHYHORS PDWHULDO
SDUDPHWHUV EDVHG RQ VLPXODWLQJ WKH WHQVLOH WHVW DQG DGMXVWLQJ WKH PDWHULDO PRGHO WR REWDLQ D VLPLODU IRUFH  HORQJDWLRQ
FXUYH EHWZHHQ WKH WHVWV DQG )(0 VLPXODWLRQ 7KH HORQJDWLRQ PHDVXUHPHQW SRLQWV DUH VKRZQ LQ )LJ 
 1HW VHFWLRQ VSHFLPHQ
2QH FRQFHUQ ZLWK 8+66 VSHFLPHQV LV WKHLU VPDOO XQLIRUP HORQJDWLRQ FRPSDUHG ZLWK WKDW RI WUDGLWLRQDO VWHHOV
ZKLFK UDLVHV WKH TXHVWLRQ LI WKH VWUXFWXUDO PHPEHU FRQWDLQV KROHV FDQ WKH UHPDLQLQJ QHW VHFWLRQ ZLWKVWDQG WKH ORDG
RU GRHV WKH KLJK VWUDLQ DW WKH KROH HGJH UHGXFH WKH QHW VHFWLRQ FDSDFLW\" 7HQVLOH VSHFLPHQV ZHUH XVHG ZLWK D KROH LQ
WKH PLGGOH RI WKH VSHFLPHQ 7KH KROH GLDPHWHUV XVHG LQFOXGHG     DQG  PP DQG WKH VSHFLPHQ ZLGWK ZDV
 PP IRU DOO FDVHV 7KH PDWHULDO WKLFNQHVV ZDV  PP 7KH WHVWHG VSHFLPHQV DUH VKRZQ LQ )LJ  7KH WHVWV ZHUH
SHUIRUPHG XVLQJ WKH GLJLWDO LPDJH FRUUHODWLRQ WR PHDVXUH WKH VWUDLQ RQ WKH VSHFLPHQ VXUIDFH ZKLFK LV D PHWKRG WKDW
KDV EHHQ XVHG SUHYLRXVO\ E\ 6FKDXPDQQ DQG .HLQGRUI 
)LJ  ([DPSOHV RI WKH QHW VHFWLRQ VSHFLPHQ
 :HOGHG FRPSRQHQW VSHFLPHQV
7KH WHVWHG ZHOGHG FRPSRQHQW VSHFLPHQV ZHUH QRQORDGFDUU\LQJ ;MRLQWV ZLWK WKURDW WKLFNQHVVHV RI  DQG  PP
7HQVLOH WHVWV ZHUH SHUIRUPHG ZKHUH WKH EHQGLQJ PRPHQWV ZHUH RQO\ IURP VHFRQGDU\ HIIHFWV VXFK DQ DQJXODU PLV
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DOLJQPHQW RI WKH ZHOGHG MRLQW 7KLV PLVDOLJQPHQW DOVR FUHDWHG D FRPSUHVVHG GLVSODFHPHQW LQ WKH PP WKURDW WKLFN
VSHFLPHQV DV VKRZQ E\ WKH GLVSODFHPHQW WUDQVGXFHU SRVLWLRQ ZKLFK VKRZHG WKDW WKH GLVSODFHPHQW PHDVXUHPHQWV ZHUH
DIIHFWHG ZKHQ WKH VSHFLPHQ ZDV VWUDLJKWHQHG 7KH WHVWHG ZHOGHG VSHFLPHQ LV VKRZQ LQ )LJ 
 5HVXOWV
 1RWFKHG VSHFLPHQ
7KH )(0 PRGHO XVHG WR GHYHORS PDWHULDO SDUDPHWHUV DQG GHILQH WULD[LDOLW\ ZDV D ' PRGHO ZLWK QRGH EULFN
HOHPHQWV ZLWK UHGXFHG LQWHJUDWLRQ DV VKRZQ LQ )LJ  )LJXUH  VKRZV WKH VSHFLPHQ IURP WKH VW SULQFLSDO WHVW 7\SLFDO
EDVH PDWHULDOV UHVXOWV DUH VKRZQ LQ WDEOH  7KH PD[LPXP GLIIHUHQFH LQ WKH VW SULQFLSDO VWUHVV ZDV DSSUR[LPDWHO\ 
)LJ  (OHPHQW PHVK RI PP WKLFN VSHFLPHQ )LJ  )LUVW SULQFLSDO VWUHVV IURP PP WKLFN VSHFLPHQ
7DEOH  7\SLFDO QRWFKHG VSHFLPHQV UHVXOWV
7KLFNQHVV VW SULQFLSDO VWUHVV >03D@ YRQ 0LVHV VWUHVV >03D@ 7ULD[OLDOLW\ VW SULQFLSDO VWUDLQ
 PP    
 PP    
 EHWZHHQ DOO VSHFLPHQV DQG WKH GLIIHUHQFH LQ WKH VWUDLQ ZDV DSSUR[LPDWHO\   7KRPDVRQ  SUHVHQWHG WKH
IROORZLQJ IRUPXOD ZKLFK LV IXQFWLRQ RI WKH VW SULQFLSDO VWUHVV 9DONRQHQ D
ᅷվ  Ԉφ  ᅷֈ  ᅷզ 
(TXDWLRQ  H[SODLQV ZK\ WKH VW SULQFLSDO VWUHVV YDULDWLRQ LV H[WUHPHO\ VPDOO DQG ZK\ WKH WULD[LDOLW\ UDWLR FKDQJHV
E\ DSSUR[LPDWHO\   $GGLWLRQDOO\ )LJ  UHYHDOV HORQJDWLRQ SUREOHPV DQG VKRZV WKH GLIIHUHQFH EHWZHHQ WKH
HQJLQHHULQJ VWUHVVVWUDLQ FXUYH WUXH VWUHVVWUXH VWUDLQ FXUYH ZLWK DQG ZLWKRXW WKH %ULGJPDQ  FRUUHFWLRQ DQG WKH
VLPXODWHG HTXLYDOHQW VWUHVV HTXLYDOHQW VWUDLQFXUYH $V REVHUYHG LQ )LJ  WKHUH LV D FOHDU GLIIHUHQFH EHWZHHQ WKH
HQJLQHHULQJ FXUYH DQG WUXH YDOXHV FXUYH ZLWK WKH %ULGJPDQ FRUUHFWLRQ
 1HW VHFWLRQ WHVWV
,Q WKH QHW VHFWLRQ WHVW WKH VWUHVVVWUDLQ FXUYHV GHYHORSHG XVLQJ WKH QRWFKHG VSHFLPHQV ZHUH VXFFHVVIXO GHVSLWH WKH
IDFW WKDW VSHFLPHQV ZHUH IURP GLIIHUHQW SURGXFWLRQ EDWFKHV )RU H[DPSOH WKH VLPXODWLRQ UHVXOWV IURP WKH VSHFLPHQ
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)LJ  (QJLQHHULQJ VWUHVVVWUDLQ FXUYH 7UXH VWUHVVWUXH VWUDLQ ZLWK DQG ZLWKRXW WKH %ULGJPDQ FRUUHFWLRQ DQG VLPXODWHG VWUHVVVWUDLQ FXUYH
ZLWK D PP FHQWHU KROH DUH VKRZQ LQ )LJ  DQG  7KH DJUHHPHQW EHWZHHQ WKH WHVW DQG VLPXODWHG UHVXOWV LV JRRG
LQ WHUPV RI WKH VW SULQFLSDO VWUHVV YDOXHV ZKHUH IDLOXUH RFFXUUHG LQ QRWFKHG VSHFLPHQ WHVWV $GGLWLRQDOO\ VLPXODWLRQ
UHVXOWV XVLQJ WKH RWKHU KROH GLDPHWHUV DOVR DJUHHG ZLWK WKH WHVWHG UHVXOWV )XOO WHQVLRQ FDSDFLW\ ZDV UHDFKHG LQ DOO
VSHFLPHQV ZKLFK VKRZV WKH ZHDNQHVV RI WKH WUDGLWLRQDO PDWHULDO WHVW RQ 8+66
)LJ  &RPSDULVRQ RI HQJLQHHULQJ VWUHVVVWUDLQ FXUYHV XVLQJ GLI
IHUHQW PHWKRGV
)LJ  VW SULQFLSDO VWUHVV IURP WKH &RGH $VWHU )(0 VLPXODWLRQ DW
IDLOXUH HORQJDWLRQ
 :HOGHG FRPSRQHQWV
7HVWV RQ ZHOGHG FRPSRQHQWV KDYH EHHQ FRPSUHKHQVLYHO\ H[SODLQHG LQ WKH ,,: GRFXPHQW E\ 9DONRQHQ D
)LJXUH  VKRZV WKH WHVWHG DQG VLPXODWHG IRUFH HORQJDWLRQ FXUYHV IURP WZR GLIIHUHQW ZHOGHG MRLQWV $FFRUGLQJ WR )LJ
 WKH WHVWHG DQG VLPXODWHG UHVXOWV DJUHH ZHOO ZLWK HDFK RWKHU DQG DOVR XVLQJ WKH VW SULQFLSDO VWUHVV WKH\ ZRUNHG
H[WUHPHO\ ZHOO LQ HVWLPDWLQJ WKH IDLOXUH SRLQW :LWK WKH PP WKURDW WKLFNQHVV VSHFLPHQV D KLJKHU KHDW LQSXW ORZHUHG
WKH VWUHQJWK LQ WKH +$= DQG WKXV ORZHUHG WKH IRUFH OHYHO FRPSDUHG ZLWK WKDW RI WKH PP WKURDW WKLFNQHVV VSHFLPHQ
 'LVFXVVLRQ DQG &RQFOXVLRQV
$V VKRZQ E\ WKH QRWFKHG VSHFLPHQ UHVXOWV WKH FKDQJH LQ WKH VW SULQFLSDO VWUHVV ZDV H[WUHPHO\ VPDOO FRPSDUHG ZLWK
WKH FKDQJH LQ WKH VWUDLQ YDOXHV DQG WKXV WKH VW SULQFLSDO VWUHVV FDQ EH XVHG IRU SUDFWLFDO IDLOXUH FULWHULD $GGLWLRQDOO\ WKH
ORFDO VWUDLQ YDOXHV ZHUH FOHDUO\ JUHDWHU WKDQ LQ VWDQGDUG PDWHULDO WHVWV DQG WRJHWKHU ZLWK WKH QHW VHFWLRQ UHVXOW SURSHU
PDWHULDO WHVWV IRU 8+66 VKRXOG EH GHYHORSHG ,W LV SRVVLEOH WR XVH QRWFKHG VSHFLPHQV ZHOGHG VSHFLPHQV DQG QHW
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)LJ  :HOGHG FRPSRQHQW WHVWV DQG VLPXODWLRQ UHVXOWV RI WKH WHQVLOH
WHVWV RQ QRQORDGFDUU\LQJ ;MRLQWV
)LJ  )DLOXUH RI ZHOGHG FRPSRQHQW VSHFLPHQ WKURDW WKLFNQHVV
RI  PP
VHFWLRQ VSHFLPHQV WR SUDFWLFDOO\ HVWLPDWH WKH VW SULQFLSDO VWUHVV DV IDLOXUH FULWHULD $GGLWLRQDOO\ WKH PDWHULDO SURSHUWLHV
IURP WKH QRWFKHG VSHFLPHQ VLPXODWLRQV ZHUH H[WUHPHO\ JRRG IRU DQDO\]LQJ GLIIHUHQW W\SHV RI VSHFLPHQV
)URP WKH ZHOGHG FRPSRQHQW WHVWV WKH HIIHFW RI WKH KHDW LQSXW RQ WKH MRLQW VWUHQJWK FDQ EH REVHUYHG LQ WKH GLIIHUHQFHV
LQ WKH IRUFH GLVSODFHPHQW FXUYHV DV VKRZQ LQ )LJ 
$FNQRZOHGJHPHQWV
7KH VXSSRUW IURP WKH 5XXNNL 0HWDOV 2\ DQG WKH )LQQLVK 0HWDOV DQG (QJLQHHULQJ &RPSHWHQFH &OXVWHU ),0(&& LV
JUDWHIXOO\ DFNQRZOHGJHG 7KH QHW VHFWLRQ WHVWV ZHUH SHUIRUPHG DV D SDUW RI WKH (XURSHDQ UHVHDUFK SURMHFW 58267(
ZKLFK LV IXQGHG E\ WKH 5HVHDUFK )XQG IRU &RDO DQG 6WHHO
5HIHUHQFHV
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 ,,: 'RFXPHQW ;9 ,,:
%ULGJPDQ 3 :  7KH VWUHVV GLVWULEXWLRQ DW WKH QHFN RI D WHQVLRQ VSHFLPHQ 7UDQVDFWLRQV RI $60 
&KHQ :) +DQ '-  3ODVWLFLW\ IRU VWUXFWXUDO HQJLQHHUV - 5RVV 3XEOLVKLQJ
)RQ]R $ 0DQQXFFL * 'L 9LWR /) 5LFKDUG *  $GYDQFHG WHQVLOH EHKDYLRXU HYDOXDWLRQ RI JLUWK ZHOGV LQ 7KH 3URFHHGLQJV RI 7KH
(LJKWHHQWK 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6FKDXPDQQ 3 .HLQGRUI &  +\EULG WRZHUV IRU RIIVKRUH ZLQG HQHUJ\ FRQYHUWHUV LQ 7KH 3URFHHGLQJV RI 7KH (LJKWHHQWK  ,QWHUQDWLRQDO
2))6+25( $1' 32/$5 (1*,1((5,1* &21)(5(1&( ,623( &XSHUWLQR &$ 86$ SS 
7KRPDVRQ 3)  'XFWLOH )UDFWXUH RI 0HWDOV 3HUJDPRQ 3UHVV
9DONRQHQ , D (VWLPDWLRQ RI OLPLW ORDG FDSDFLW\ RI VWUXFWXUDO VWHHO ZLWK \LHOG VWUHQJWK  PSD LQ ,,: 'RFXPHQW ,,:;9 ,,:
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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 ,QWHUQDWLRQDO 2))6+25( $1' 32/$5 (1*,1((5,1* &21)(5(1&( ,623( &XSHUWLQR &$ 86$ SS 
=KDQJ =/ +DXJH 0 7KDXORZ - GHJ¥UG -  $ QRWFKHG FURVV ZHOG WHQVLOH WHVWLQJ PHWKRG IRU GHWHUPLQLQJ WUXH VWUHVVVWUDLQ FXUYHV IRU
ZHOGPHQWV (QJLQHHULQJ )UDFWXUH 0HFKDQLFV  
